A 52-year-old female with achondroplasia presented with an 8-month history of progressive weakness in the upper extremities with numbness and a gait disturbance. A neurological examination revealed weakness (grade 3/5) in the bilateral intrinsic muscles and hyperreflexia in the bilateral upper extremities with a positive Hoffmann sign; the knee and ankle reflexes were also increased bilaterally. She had decreased sensation in the bilateral upper extremities and a spastic gait with clumsiness of her hands, although she had no bowel or bladder difficulties. Lateral radiographs showed hypoplasia of C1. Computed tomography (CT) disclosed bony canal stenosis caused by the C1 posterior arch and edge of the occipital bone [ Figure 1 ], and magnetic resonance (MR) imaging demonstrated atrophy of the spinal
Introduction
Obstructive hydrocephalus occurs as a result of anatomic or functional obstruction to the cerebrospinal fluid (CSF) flow due to various pathologies including intracranial infection, tumors, and subarachnoid hemorrhage. [1] Recently, obstructive hydrocephalus has been described as a rare complication following foramen magnum decompression (FMD) for Chiari malformation; [2] [3] [4] [5] [6] however, there are few reports of obstructive hydrocephalus after spinal surgery for other pathologies of the craniovertebral junction (CVJ). [7] We herein report the case of a 52-year-old female who developed acute obstructive hydrocephalus after undergoing resection of the C1 posterior arch and part of the occipital bone.
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Operation and postoperative course
The patient underwent posterior decompression of the CVJ. We resected the C1 posterior arch and the rim of the occipital bone (approximately, 7 mm from the edge of the foramen magnum). Intraoperative ultrasonography confirmed sufficient resection of the bony structure. At this stage of operation, the dura matter did not expand significantly. The thickened reactive fibrous tissue band was noted between C1 and the occipital bone [ Figure 3a ]. Because sparing this fibrous tissue band carefully from dural matter did not improve compression at CVJ, the band and the dura mater underneath were carefully dissected longitudinally to achieve decompression, and the dura mater was left open without a patch graft. The arachnoid membrane was preserved [ Figure 3b ]. The patient's motor weakness and gait disturbance improved immediately after surgery. Although the arachnoid membrane appeared intact during the surgery, the output of suction drainage indicated CSF leakage. One week after the surgery, she complained of a severe headache and nausea. Postoperative MR imaging revealed a moderate collection of CSF at the surgical site. Brain CT demonstrated bilateral infratentorial subdural fluid collection [ Figure 4a ]. As the neurological condition of the patient was stable, she was managed conservatively with intravenous hydration. On the 17 th day, after the surgery, her consciousness level suddenly deteriorated, and she became drowsy and unresponsive to verbal stimuli. In the first place, overdose of hypnotics was suspected. An emergency brain CT scan revealed an increased volume of infratentorial fluid collection and marked hydrocephalus with an obstructed cerebral aqueduct [ Figures 4b and 5] . Following rapid deterioration of the patient's neurological status, she underwent emergency external ventricular drainage and subsequent re-exploration of the surgical site. Additional wide craniotomy and Y-shaped durotomy were performed as in FMD. Subdural hemorrhage and hygroma were noted in the subdural space, which was suctioned cautiously. Duraplasty using the occipital periosteum as a patch graft was performed, and the patient's consciousness level improved to normal immediately after the revision surgery. The external ventricular drain was removed 5 days after the revision surgery, and follow-up imaging studies demonstrated the complete resolution of hydrocephalus. At the 12-month follow-up visit, she had regained her full strength and was able to walk without assistance.
Discussion
In this paper, we reported a rare case of progressive obstructive hydrocephalus following decompression surgery at the CVJ.
Acute obstructive hydrocephalus has recently been recognized to be a rare complication of FMD for Chiari malformation. [2] [3] [4] [5] [6] The underlying mechanism of this life-threatening condition is unclear. Regarding the pathomechanism of postoperative subdural hygroma, a one-way flap valve mechanism through a small defect in the arachnoid membrane is assumed to play a pivotal role in the development of subdural fluid collection accumulating over the tentorial surface of the cerebellum. Subsequently, the infratentorial subdural fluid collection compresses the cerebral aqueduct, presumably causing obstructive hydrocephalus. [3, 8] We conjecture that a similar pathomechanism was at work in our case as well. Although the arachnoid membrane in the surgical field appeared intact, the postoperative findings of the drainage fluid and MR imaging suggested the presence of an unnoticed arachnoid defect. To the best of our knowledge, only one case report of obstructive hydrocephalus after spinal surgery at CVJ for pathologies other than Chiari malformation has been reported in which deviation
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Considering its possible pathomechanism, postoperative hydrocephalus may be a potential sequel after surgical manipulation to the dura matter at CVJ. In addition to Chiari malformation, several pathologies at CVJ may require durotomy during their surgical treatment. First, as with our case, patients with achondroplasia patients may require duraplasty in combination with upper cervical decompression, especially when constricting soft tissue band is identified after removal of the bone structure. [9] [10] [11] Second, durotomy is required in resection of spinal cord tumors. A previous study of 118 cases of spinal dumbbell tumors reported that the C-2 nerve root at CVJ was the most common origin of schwannoma. [12] Finally, incidental durotomy may occur with a reported incidence of 3.5% in elective spinal surgery. [13] Surgeons should recognize that spinal surgery at CVJ has the potential risk of this devastating complication.
In the presence of a progressive headache or declining mental status after spinal surgery, intracranial hemorrhage (ICH), such as remote cerebellar hemorrhage, should also be included in the differential diagnosis of intracranial events following spinal surgery. ICH, a rare but potentially fatal complication after spinal surgery, is known to be associated with excessive CSF loss. [14] [15] [16] The postulated pathophysiology of ICH is that an increase in the transluminal venous pressure or downward cerebellar sag, caused by intracranial hypotension from CSF loss, may result in the stretching and, therefore, tearing of the cerebral and cerebellar veins. [14, 16] The onset of clinical symptoms is notably early as compared with that of obstructive hydrocephalus; [6] according to a review of remote cerebellar hemorrhage, symptoms begin within the first 10 h after surgery in 46% of patients. [17] The clinical management of ICH depends primarily on the location of the lesion and severity of neurological impairment. Patients with limited hemorrhage and mild neurological symptoms can be managed conservatively. [15] In comparison, patients with infratentorial subdural fluid collection may deteriorate suddenly after a while as in our case. Such patients should be closely monitored for the subsequent development of obstructive hydrocephalus and neurological deterioration, even when the initial results of neurological and imaging assessments are favorable.
We report a case of progressive obstructive hydrocephalus following decompression surgery at CVJ. Acute obstructive hydrocephalus can occur after decompression surgery at the CVJ and should be included in the differential diagnosis of a postoperative declining mental status. The detection of infratentorial subdural fluid collection should alert physicians to this rare sequela.
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